Vpr, the 96 amino acid long protein represents one of the moter in human T-lymphocytic and astrocytic cells. auxiliary proteins of human immunodeficiency virus type-1
The human immunodeficiency virus type 1 (HIV-1) accessory protein, Vpr, has the ability to modulate transcription of the viral LTR promoter in a variety of eukaryotic cells. [1] [2] [3] This 96 amino acid protein has a unique structure composed of an acidic domain with a putative alpha helix at the N-terminus between residues 16 to 35, a leucine-isoleucine-rich region (LR domain) between amino acids 60 to 81, and an arginine-rich region at the C-terminus. [4] [5] [6] [7] Computer-assisted structural analysis of HIV-1 Vpr suggests the presence of two helical domains at positions 17 to 35 and 49 to 74, which partially overlap with the acidic domain and LR domain of this regulatory protein, respectively ( Figure 1a ). Several studies suggested that, while the helical domain I may serve as a binding site for interaction with other proteins, helical domain II may function as an activator of transcription of responsive viral and cellular promoters. [8] [9] [10] To investigate the importance of these domains in Vpr-mediated regulation of HIV-1 gene transcription, human lymphocytic (Jurkat) and astrocytic (U-87MG) cells were transfected with HIV-1 LTR reporter constructs alone or with expression plasmids that permit production of wild-type and various mutants of Vpr with amino acid substitutions in domains I and II and the C-terminus (Figure Correspondence 1b). Ectopic expression of wild-type Vpr in both human cell types increased transcriptional activity of the HIV-1 LTR. A mutation in helical domain I at residue 21, which alters glutamic acid to proline, however severely affected the capacity of Vpr to stimulate the basal transcription of the viral promoter. Other alterations in helical domain I, at residues 21/24, 30 and 36, had minimal effect on the ability of this protein to enhance viral gene transcription. The inability of mutant 21 (Glu to Pro) to stimulate viral gene transcription could be due to its instability and its inappropriate subcellular localization which led to cytoplasmic and perinuclear accumulation of the protein. 4, 11 Evidently, amino acid substitutions at residue 24 can further stabilize mutant 21 and improve its transcriptional activity. Similar to wild-type, mutant proteins with alterations in helical domain II, at positions 52, 59, 67, 71 and 75 were able to stimulate LTR activity in both cell types. The most significant decrease in Vpr activity in both cell types was observed when the Vpr protein had changes at positions 73 (Arg to Ser) and 76 (Cys to Ser).
The mutant Vpr with alterations at residue 76 (Cys to Arg) showed more efficient transcriptional activation of the HIV-1 LTR in Jurkat cells relative to that observed in U-87MG cells. A mutation at this residue, which substitutes proline for cysteine had an insignificant effect on the transactivation of the LTR by this protein. Mutations within the C-terminus at positions 87 (Arg to Ser) and 95 (Cys to Ala) caused no drastic effect on the ability of the protein to stimulate transcription of the viral promoter in either cell type. Alterations in residues 73 (Arg to Ser) 15 or
Positions of the various domains of the protein which include, helical domains I and II, and the LR region are depicted. (b) The location of amino acid residues with alterations in each mutant is shown. The levels of CAT activity from human astrocytic (U-87MG) and lymphocytic (Jurkat) cells transfected with LTR-CAT construct containing the LTR sequence (−490 to +80) plus pCDNA3-Vpr

by electroporation method (Jurkat) using a BioRad GenePulser. U-87MG cells were transfected with 500 ng of the reporter plasmid alone or co-transfected with 5 g of the expression vector. Experiments were designed to be promoter-controlled with pCDNA3 vector. The precipitate was removed after 6 h and fresh medium was added to the cells. Each transfection was performed in duplicate and repeated a minimum of four separate times with at least three different plasmid preparations. Jurkat cells were transfected with 500 ng of the reporter plasmid or co-transfected with the reporter construct and 10 g of the expression vector by electroporation according to the manufacturer's instructions (Life Technologies). Cell extracts were prepared 48 h after transfection
and CAT assays were performed as described previously. 16 
Numbers represent mean fold activation of the viral LTR promoter construct by wild-type or mutant variants of Vpr during multiple experiments with different DNA preparations.
and 76 (Cys to Ser) occur in the region which has been involved in interaction of Vpr with cellular proteins such as RIP and Sp1, 9, 10 suggesting that communication of Vpr with other cellular transcription factors may dictate its regulatory activity. Of note, the above amino acid substitutions at the 73 and 76 residues had no effect on subcellular localization of Vpr and significant levels of the mutant Vpr were detected in the nuclei of the cells. 7, 11 Next, we evaluated the effect of six selected Vpr mutants with different degrees of influence on the ability of wild-type Vpr in inducing HIV-1 gene transcription. Two of these mutants, ie 30 (Ala to Ser) and 75 (Gly to Arg) had a significant effect on LTR transcription while the two mutants 76 (Cys to Arg) and 73 (Arg to Ser) marginally increased transcription from the viral promoter. Mutants 76 (Cys to Ser) and 21 (Glu to Pro) showed no transcriptional activity. As shown in Figure 2 , in the absence of the mutant protein, wild-type Vpr stimulated the LTR promoter in the transfected cells (lane 1). In the presence of mutant Vpr with an alteration in residue 73 (Arg to Ser), wild-type Vpr was unable to stimulate transcription of the LTR promoter (lane 3). This effect may not be attributed to the toxic effect of the mutant Vpr protein on the transfected cells since under similar conditions, neither wild-type nor the mutant Vpr had an effect on the level of the control actin promoter activity (data not shown). Other mutants of Vpr showed a much less inhibitory effect on the transcriptional ability of the wild-type protein. These observations suggest that mutant 73 (Arg to Ser), which exhibits low stimulatory activity on the viral promoter, may function as a dominant negative regulator and interface with the Vprmediated transcription of the viral promoter in the cells. It is important to note that while previous studies revealed a good correlation between transcriptional activity of wild-type Vpr and its ability to control G2/M transition, 12 mutant 73 (Arg to Ser) exhibited no regulatory effect on the G2 phase of the cell cycle. Whether or not mutant 73 (Arg to Ser) can influence the other biological activity of wild-type Vpr including G2/M cell cycle arrest remains elusive at present.
Figure 3 The effect of wild-type and mutant Vpr on transcriptional activation of the LTR by Tat. U-87MG cells were transfected with LTR-CAT in the absence or presence of CMV-Tat expression plasmid (0.5 g) or plasmids (5 g) expressing wild-type or mutant variants of Vpr as indicated. CAT enzymatic activity was measured after 48 h.
Another viral regulatory protein, Tat, has been shown to play a critical role in stimulating transcription of the viral promoter. 13 In the next series of experiments, we examined the effect of wild-type and mutant Vpr on Tatstimulated transcription of the HIV-1 LTR. As illustrated in Figure 3 
g of the proviral plasmid clone pNL4-3⌬Vpr plus LTR CAT DNAs alone (--ć--) or together with wild-type Vpr (------), mutant 73 (Arg to Ser) (--G--), wild-type Vpr plus low (--᭜--) and high (--̅--) concentrations of 73 (Arg to Ser). Supernatant was collected at different time-points and analyzed for p24 levels. Standard deviations were computed from triplicate experiments. (b) Transcription of the HIV-1 LTR promoter was determined in the CEMX174 cell line. Cells were transfected with various plasmids as described above and shown at the bottom of the Figure. CAT enzymatic activity was determined at 48 h after transfection and the values representing the mean of three experiments are illustrated by the bars.
LTR by 73 (Arg to Ser) was dependent on the levels of the mutant protein produced in the cells as shown by the results from dose escalation studies using various amounts of the mutant expression plasmids (data not shown).
These observations suggest that the suppression of the basal transcription of the LTR by mutant 73 (Arg to Ser) abrogates the responsiveness of the LTR to the viral transactivator, Tat. It is also plausible to speculate that the mutant Vpr is a 'gain in function' mutation enabling the inactivation of Tat activity. In support of this notion, our recent results point to the possible interaction of Tat and Vpr. The biological importance of this interaction in the HIV-1 lytic cycle is currently under investigation.
To evaluate further the ability of Vpr mutant 73 (Arg to Ser) in suppressing HIV-1 replication, proviral DNA from mutant HIV-1 which is deleted in the Vpr sequence (pNL4-3⌬Vpr) was introduced into CEMX174 lymphocytic cells alone or together with expression plasmids that produce wild-type Vpr or its mutant, 73 (Arg to Ser). To examine in parallel the level of LTR activity in the transfected cells, the reporter construct LTR-CAT plasmid DNA was included in the transfection mixture. At various times after transfection, supernatant from the transfected cells was harvested and the relative levels of viral replication were determined by viral p24 antigen assay. As shown in Figure 4a , wild-type Vpr was able to increase the level of virus replication in the transfected cells at days 3, 5 and 7. Expression of the Vpr mutant 73 (Arg to Ser), on the other hand, significantly decreased the basal and the Vpr-induced levels of virus replication to almost undetectable levels in these cells. These results are supported by the effect of mutant Vpr 73 (Arg to Ser) on the basal and Vpr-stimulated transcriptional activity of the LTR in the transfected cells. As shown in Figure  4b , expression of the 73 (Arg to Ser) in the transfected cells substantially decreased the level of CAT activity in cells transfected with LTR CAT or LTR CAT plus wildtype Vpr. Thus, it is evident that mutant 73 (Arg to Ser) has the ability to decrease HIV-1 gene transcription and the level of viral replication. It should also be noted that this observed level of inhibition was decreased at the later times when the newly replicated virus begins to infect the neighbouring untransfected cells, suggesting that continuous expression of the mutant Vpr is required for suppressing virus replication (Sawaya, unpublished observations). Next, mutant virus containing Arg to Ser alteration in amino acid 73 of Vpr was constructed and the level of its replication was determined by p24 antigen assay. Results revealed a substantial decrease (near 90%) in the level of mutant virus replication in comparison to those from wild-type virus (data not shown), further supporting the above data that Arg residue at position 73 is critical for replication of HIV-1 in cells.
In summary, the results described in this report demonstrate that the mutant Vpr, designated 73 (Arg to Ser) inhibits transcription and replication of the HIV-1 genome in the presence of wild-type Vpr and the viral transactivator, Tat. Vpr is a late protein of HIV-1 which is associated with virus particles and has pleiotropic effects on expression of viral, as well as several cellular genes. The Vpr mutant 73 (Arg to Ser), which has a dominant negative characteristic on transcription of the viral promoter, retains its stability and ability to incorporate into virions 14 and to localize in the nuclei of the infected cells. 12 This novel Vpr mutant may provide an effective strategy for the development of HIV-1 targeted therapeutics.
